indices have good construct validity and have been widely accepted for to use in daily clinical practice and clinical trials. Although promising, both ESSDAI and ESSPRI do not include the conventional acute phase reactants that are usually used to evaluate disease relapse or remission.
Similar to other auto-immune diseases, high titers of auto-antibodies and inflammatory markers in PSS have been associated with disease severity. However; their exact correlation with the recently introduced ESSDI scores hasn't been proven yet. Previous studies have associated several inflammatory and hematologic markers including C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), neutrophil/lymphocyte ratio (NLR), mean platelet volume (MPV) with disease activity in rheumatoid arthritis, ankylosing spondylitis, Behçet's disease and Familal Mediterranean fever. Among these inflammatory markers, MPV and NLR have recently gained wide interest for their role in predicting disease severity. [5] [6] [7] [8] [9] Elevated levels of MPV and NLR have been linked with inflammation and disease severity in several rheumatologic diseases and both markers are easily attainable at low cost from traditional hematologic parameters. [8] [9] Considering PSS as a systemic autoimmune disease, we hypothesized that MPV, NLR and other hematologic parameters may be useful predictors of disease severity in PSS. The present study aimed to determine the correlation between these markers and ESSDAI and ESSPRI scores in PSS patients.
METHODS

Patients and controls
This study is a prospective cross-sectional study of 95 consecutive Primary Sjogren syndrome patients who presented to the Yildirim Beyazit University, Internal Medicine, Division departments of Rheumatology (Ankara, Turkey). Primary Sjogren syndrome (PSS) was defined according to the 2002 American European consensus group (AECG) criteria for diagnosing PSS. 10 All PSS patients did not have any history of autoinflammatory disease, malignancy, diabetes, infection, end-stage renal disease or hematological disorder.
An age-sex matched group of 95 healthy individuals who visited for routine physical examinations were used as controls. Healthy participants did not have any history of underlying auto-immune condition, malignancy, hematological disorder or recent infection.
Prospective data on clinical and laboratory characteristics of all subjects were recorded and entered into an institutional review board approved database. Disease activity was calculated according to the EULAR Sjögren's syndrome disease activity (ESSDAI) and patient reported index (ESSPRI). [3] [4] A well written informed consent was received from all study participants and the study was approved by the institutional review and ethical committee.
Biochemical and hematological measurements
Venous blood samples were taken by the puncture of antecubital vein of patients after overnight fasting. All laboratory tests (CRP, serum glucose level, liver and kidney function tests) were analyzed at the central laboratory of the hospital. Complete blood parameters (neutrophils, lymphocytes, monocytes, eosinophils, basophils and platelet) were determined from EDTA anticoagulated tubes using an automated coulter counter. The NLR was calculated as the absolute neutrophil measurement divided by the absolute lymphocyte measurement. Westergren method was used for ESR. CRP was determined with turbidimetric method. All blood samples were analysed within two hours.
Statistical analysis
All data was analysed using the Statistical Package for Social Sciences (SPSS Inc., Chicago, IL, USA) 15.0 program for Windows. Continuous variables are expressed as mean±SD and categorical variables as numbers and percentages. The students t-test was used in comparing the means of continuous variables and the Chi-square test was used to evaluate the differences in proportions. Disease activity scores (ESSDAI and ESSPRI) were compared by using one-way analysis of variance (ANOVA). Spearman rank correlation analysis was performed to determine the relationship between ESSDAI and ESSPRI scores, hematological and demographic parameters. Statistical significance was accepted at p-values less than 0.05.
RESULTS
The demographic and clinical characteristics of PSS patients are given in Table 1 . The mean age of all 95 patients was 47.7±10.6 years and 88 (92.6%) of them were females. Sixty patients had a positive salivary gland biopsy with a focus score >1. Table 2 is a comparison of demographic features and hematologic parameters in both patients and control groups. Both groups were similar in terms of age and gender. Hemoglobin levels were lower and MPV levels were found to be significantly higher in the PSS group than the control group (10.5±1.2 versus 9.0±1; P<0.001 respectively).
Shown in
Correlation and regression analysis showed a positive correlation between MPV levels and ESSDAI but a negative correlation with and ESSPRI scores (r=0.24, p=0.01 and r=-0.32, p=0.001; respectively). ESR positively correlated with MPV levels but not CRP (Table 3) . 
DISCUSSION
With an estimated prevalence of 0.9-6 per 1000 individuals, PSS is regarded as the second most common systemic auto-immune disease after rheumatoid arthritis. [1] [2] The systemic nature of the disease is characterized by its involvement in other organs including the kidneys, lungs and muscles. 1 Disease severity is therefore determined by how extensive the underlying inflammation has affected other organ systems. Since their development, the ESSDAI and ESSPRI scores have been accepted as gold standards to measure disease activity in primary Sjogren Syndrome. In this study, we aimed to investigate the association between MPV, NLR and RDW levels and ESSDAI and ESSPRI scores in PSS patients.
Recently, the utility of MPV as an inflammatory marker in auto-inflammatory disorders has been extensively investigated. Several authors have attempted to determine the association between MPV and auto-immune diseases like rheumatoid arthritis, ankylosing spondylitis, Behcet's disease and familial Mediterranean fever. A retrospective study by Kisacik, et al investigated the correlation between MPV and the clinical indices of both RA and AS. The study found MPV levels to be significantly lower in RA and AS patients compared to control peers. A significant increase in MPV levels was recorded in both patient groups after treatment. AS disease activity scores negatively correlated with MPV levels after treatment. 6 A similar study that evaluated the possible relationship between systemic sclerosis (SS) and MPV levels reported a negative correlation between MPV levels and disease severity. Conversely, MPV levels in SS patients were found to be higher than that of a group of healthy controls. 11 Our study identified correlations between MPV levels and two different disease activity indices currently used in measuring disease severity in PSS. MPV levels positively correlated with ESSDAI scores but negatively with ESSPRI scores. In addition, we recorded significantly elevated levels of MPV than healthy controls. These findings are similar to that reported by Tezcan, et al in their study of 42 PSS patients who were compared with 32 healthy controls. The authors found higher MPV levels in PSS patients than controls but could not identify a correlation between MPV levels and disease severity. 12 The mean platelet volume is a hematologic parameter that indicates the average size of blood platelets. MPV is higher when there is destruction of platelets and may be seen in several inflammatory conditions such as immune thrombocytopenic purpura (ITP), myeloproliferative diseases or platelet related disorders. Elevated MPV levels can be a sign of rapid platelet turnover. In PSS patients, levels of B-cell activator factor (BAFF) are elevated and this can contribute to immune-mediated platelet lysis. The absence of concomitant thrombocytopenia in the presence of elevated MPV levels in our patients may be a reason for supports the idea of thrombolysis.
We used the ESSDAI and ESSPRI to evaluate disease severity in PSS patients because of its recent wide use in clinical practice. In an extensive review of the use of ESSDAI by Seror, et al the authors confirmed the validility of ESSDAI in most clinical studies and ongoing clinical trials. 13 Risselada, et al in their analysis of 195 PSS patients critically appraised the value of the ESSDAI in clinical practice for the first time. ESSDAI scores were found to be low and stable in the general population and were commended for their ability to capture disease activity in patients in whom individual changes may be present.
14 Our patient population closely matches the epidemiological and demographic characteristics that have been described for PSS. Nine out of 10 subjects recruited for this study were women with a mean age of 47 years. With a mean disease-duration of 2 years, positive salivary gland biopsy was seen in 76% of the patients.
In addition to the elevated MPV levels that were encountered in this study, Hb levels were significantly low in the PSS patient group. The presence of underlying chronic condition can serve as an explanation for low Hb levels. Conversely, as reported in previous studies for other auto-immune diseases, the current study couldn't identify any significant relationship between hematologic parameters like RDW and NLR and disease activity scores. [15] [16] [17] Findings from the current study are promising however they may be limited by very few factors. Firstly, the cross-sectional nature of the study may not allow an appropriate evaluation of disease activity in PSS patients. Also, the timing of measuring laboratory parameters in PSS patients was not standardized and correlated with disease symptoms. Most of the patients enrolled in the study were consecutive patients who visited the outpatient clinic for periodic check-up and evaluation. The presence or absence of symptoms and their severity at presentation was not taken into consideration before measuring MPV levels.
CONCLUSION
In conclusion, we describe for the first time in the medical literature a positive correlation between an easy to measure and cheap hematological parameter (MPV) and disease severity in patients with primary Sjogren Syndrome. MPV levels were elevated in PSS patients compared to their control counterparts. Prospective studies enrolling a larger number of patients would be needed to determine the validity and utility of MPV in predicting disease severity in PSS patients.
